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RAILWAY CROSSINGS AND TURNOUTS. 
BY C. A. EVANS, Civil Engineer. 
Laying switches on railroads has, at present, to a very great ex- 
tent, passed out of the hands of the engineer into those of the track 
master. The reason for this change is a simple one. The track 
master can, by his eye and a little experience, put down a switch, 
over which a train will pass apparently with ease, thus seeming to 
dispense with the mathematical data of the engineer. This is abad 
practice, notwithstanding its universality; for, necessarily, the switch 
of the track master will be irregularly curved. It  will therefore wear 
unequally, and finally be worn out at some point, often at the frog, 
before it has performed the full duty which a regular curvature would 
ensure. In a large yard, where there is much drilling and a heavy 
wear and tear in consequence, good switches are a matter of import- 
ance. 
With a view to aid the engineer in laying out his switches quickly 
and with little calculation, whether on a straight line or on a curve, 
tables are here appended for this purpose. The formulae by which 
these tables have been calculated arc more numerous than those 
usually given in field books. This difference is owing to improve- 
ments in the arrangement of switches. Improvements have, in th;s 
case, as in many others, complicated the work. As it would not be 
proper to give the tables without the formulae, the author will now 
proceed to establish these. It  is preferable to treat separately the 
case of switches on straight lines from that of switches on curves, al- 
though the formulm of the former may be deduced from those of the 
latter. Throughout the following investigations we will employ this 
notation, viz. : 
g ~ gauge of tracks. 
d ~ throw of switch rail. 
l and l ~ ~ tangents passing through the point of the frog. 
b ----- distance between tracks, including widths of both rails. 
R and R 1 ~ radii of the centre line of the switch. 
X ~--- distance from point of frog to end of switch on the first branch. 
Y ----- distance from the same to the other end of switch, measured 
on the same rail, on the second branch. 
S ~ switch angle. 
F --~- frog angle. 
The problem of crossings and turnouts to parallel tracks presents 
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itself in the following form: Given the frog angle, F, to find the 
distances, X and Y, the radii, R and R~; and on curves, the other frog 
angle F t. Commencing with the cr~saing on a straight track, we have 
~rom Fig. 1 : - -  
BF=2(R+½g)  s in½(F - -S )  g - -d - - l s inF  
= S in½(F+S)  
• herefore, we have, to obtain R : - -  
__ ½ (g ~ d - -  1 sin F) __ g ~ d - -  I sin F 
R+~g- -s in½(F__S)  sin ½ (F A- S) - -  cosS- -cosF  (1) 
For X we have : - -  
X g -  d - - / s in  F+ l cos F. (2) 
~--- tan ½ (F -t- S) 
We have from the triangle 13 Q I and the sector P E G : 
/l sin F =- b - -  d - -  (R - -  ½ g) (cos S - -  cos F.)  
'~Henee : 
j ,  ___ b - -  d - -  (R - -  ½ g) (cos S - -  cos F~ _ ~ - -  d _ 
sin F --  sin-F- - -  
2 (R - -½g) sin ½ (F - -  S) sin ½ (F -+- S) 
sin F. " (8)  
The value of R 1 is evidently equal to that of R. 
We wi~l now consider the turnout on a straight track. In this 
~ase we employ for the first branch eqs. (1) and (2), theu assume, if 
desired, the value of l, and proceed to calculate the radius R t and 
the distance Y. For this last purpose substitute in eqs. (1) and (2) : 
R+½g=R~ ½g, 1-=l ~, g-----b ~, S = o, d~o,  
:and we have : 
b 1 - l  lsin F b t --11 sin F 
R1- -½g= 2sin 2½F --~ 1--cosJ~" (4) 
b I - -  l 1 sin F ii 
Y - -  tan½ 'g---- + cos F. (5) 
Next in order comes the consideration of the crossing on a ettrved 
~track. Whether the switch turns to the inside or outside of the curve 
is a matter of indifference, as the values of the unknowns are inde- 
pendent of the direction of the switch on the curve. In Fig. (2) we 
~ill commence with the upper branch. To find the distance X, we 
,need find only the angle :
OKR=OKF+FKR=K~+K.  
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The first of these angles is obtained from the triangle 0 K F,  having 
given :
b F=Z,  0 K =Ro ~½ g, and the in'eluded~a, gle K o :F  ~'.9o ° + F 
~K F ~ ~,~__ Road(g--I)tan ½(9O,?-~F) ~ Therefore, tan ½. (' ~ ~-  ~ ]-- ...... '"Ro - -  ½g -~- i ~ (1) 
f which with: ½(KVF-=0 ~K!  i = (90 ° ' . - -F)  ~~ i 
gives us also the angle KF  O. . : . . . .  
We may also write~ KF~- (Ro- -~ Ig - -Z)  sin ~(901"~r--'" F~)Z, (2)~ 
Passing now to the triangle-B--K ~,  we have givens: : i 
K=R o+ ½~--d, K~, 
and we can deduce expressions for the opposite angles in terms of 
K and other angles. Thus: 
B F K = B F E ~E F K = S ~ K B F-~ 90 ° - -  K F O, K BF  
Hence : cot ½ K~.-- tan ½1~(S -~ 90°~-- KF  O);(Ro--~½g--d~ K F) 
Re q- ½g--d- - .KF (3) 
We have therefore : X '=  2 (Ro - -  ½ g) sin ½ (K + K!) (4). 
Also : B F K % K B F = S % 2 ~ ~ 90 ° - ,  K F O = 180 ° - -  K, 
from which: K B-F~= ½o(~o _ K - -  S '% K FO) ,  ~nd, con- 
sequently, BF=(R0*t~ '~d~'~~ 1,,~ ~ __  ~ : e°s~K I (5), 
• ~ i ~ sin ½ (S ~-  90 ° - -K .  F O) 
Passing next to the isosceles triangle E'~B F, we have :~ 
E B F = K--B~F~'~ S --~ ½-(190 ° , -  K :q-S -~i K -F  O) 
.½ BF  
which leads to: R+½ g=cos~ (9~o. K . ~  . S+.K .  FO)  (6> 
To obtain the value of Z ! we ha~e in ~e. triangle K G F ; 
G F = g, k F"as cal~ul~t~d, G~F-K--- 90 ° ~ K F O, 
and consequently,for the 0thez;angl~8:: ~ ::: : . , 
' -~ a (7)) 
½ (~-R  + d~)  = 45 ° + ½ K ~b 
sin (45 °~-½KFO)  
Also, K G = (K F -- g) sin ½ (F G K -- G-K-F) (8) 
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TABLES.  
No. 543 Frog (old No. 10), F~-5 ° 43' 31". 
Curva- I  I 
tu re  of  X Y 1 l '  R R1 F/ - - - - -GQK--90 ° 
t rack .  
o / z/ 
0 o 
1 o 
2 ° 
3 ° 
4 ° 
5 ° 
6 ° 
FT. FT. 
6"94 82 '88  
6"63 85"69 
6'29 89 14 
5'93 93"21 
5"57 97-92 
5 '19 103"27 
4'81 109-25 
'T FT. 
.00 1-08 
" 1'67 
" 2.36 
" ~ '13  
" 3"99 
'~ 4"95 
" 6"00 
FT  CURV~RE. 
960"39--~- 5 ° 58 / 
805"64~ 7 ° 07 / 
695 '09~ 8 ° 15 / 
611"70~ 9 ° 23 I 
545"59-~_10 ° 31I  
491"96~l  1 o 40 / 
448"09~[2  o 50 t 
FT. CURV'RE. 
960"39= 5 ° 58 / 
1 ;~8 l '01= 4 ° 09 / 
2473 '89~ 2 ° 19 / 
1113"12--= 0 ° 3 l  / 
-4469 '17~ 1 ° 17 I 
-1868 79~ 3 ° 04 I 
-1195"97~ 4 ° 48 t 
5 43 31 
5 28 
5 I I  
4 53 53 
4 35 
4 15 
3 53 47 
0 o 
1 o 
2 ° 
3 ° 
4 ° 
50 
6 ° 
J 
FT. FT. 
47-87] 68"71 
47 58 l- 70.34 
47"30 / 72-17 
47 '04  / 74-22 
46"80 / 76"48 
46"56 78"94 
46"341 81"62 
No. 709 F rog  (o ld  N- .  8), F~---7 ° 09 t ]0" .  
o f /1 FT. FT. CURV'RE.' FT. CURV~RE 
26"00 542"65~10 ° I 34 '  I 542 '65=10 ° 34 '  I 
26"37 487"13~11 ° 47 ] 661'74~-- 8 ° 40 f 
26"74 442 '25~12 ° 59 / 849 32~ 6 ° 45zi 
27"10405"87~14 ° 10/j 1177"70~ 4 ° 53/! 
27 '46137439~15 ° 21/~, 1899 76~ 3 ° 01/i  
27"801348"11~16°  31 / 4911 '15~ I ° 10 / 
28"14!324"9 l~-17 ° 40 t -8781"94~ 0 ° 40 t 
I 
FT. 
5.00 
~L 
~t 
~t 
FT. FT. 
0 ° 37"48 53"26 
1 ° 37"31 53"90 
2 ° 37"13 54"64~ 
3 ° 36"97 55"48 i
4 ° 36"811 56"43 I
5 ° 36 '64  57"48 
6 ° ]36"48[ 58"64 
7 09 10 
6 57 
6 44 
6 30 4,' 
6 16 
6 02 
5 48 22 
No.  931 F rog  (o ld  No.  6),  F~:9  ° 3V  36" .  
o I l/ FT FT. 
i'O ',0"97 
" :1"13 
, c  1l'28 
" 11"42 
" :1"55 
" :1'68 
" :1"79 
FT. CURV~RE. FT. CURV'RE. 
269"47~21 o 231 269'47~__2l o 23 r 
254"68 ] 298 54z19  ° 17 l 
241 '07  , 334"05~17 ° 13 I 
i 
228.67 I 378"59~15 ° l0  t i 
217"46 ! 437"22----13 °08  / 
207"43 ] 51624--~iI ° 07 I 
198"60 I 627'01~ 9 ° 08 t I 
9 31 36 
9 22 
9 13 
9 C3 49 
8 54 
8 44 
8 34 37 
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In the triangle K G Q we have given : 
KG,  KQ- - - -R2-b½g,  KGQ=FGK- -90  ° . 
Hence : sin G-Q-~]: -~- sin (F G K - -  90 °) K G + ½ g (9) 
from which the angle G-Q I(  may be deduced. Also : 
G KQ=IS0° - -G  Q K - -F  G K-k90°--270°--G Q K - -F  G K (10) 
Finally, l' ~--- sin G K Q (Rs+ ½ g) (11) 
sin (F G K - -  90 °) 
In order to obtain the value of Y for the second branch of the switch, 
we deduce first the angle O K B ~ = NJA-N from the triangles O K F 1 
and F l K B'. In the first of these triangles we have given :
O K ~ Ro- -  ½g, O 1~ q = P, K O F l--- 90 ° -  F. 
Hence, tan ½ (0 F ~ K - -  N') ~--- (Ro--½ g--l') tan ½ (90 ° -[- F) 
Ro - -  ½ g + I l (12j, 
and, ½ (O F K -~ N') ----- (½ 90 ° A- F). ) 
From which we have the angles O F l K and N 1 ; also 
sin ½ (90 -}- F (18) 
K F ~ = (Ro - -  ½ g - -  l ~) sin ½ (O F' K - -  N') 
In the second taiangle F ~ K B ~, we have given the sides : 
KF  I ,KB '=R 2+½gA-d ;  
and the opposite angles :
F I B I K : 180°+S- -F  I B' E I, K F I B I : 270 ° -- 0 F I K -- E I F I B ~ 
Hence we have : 
cos ½ N = tan ½ (S q- O F' K- -90 °) (K 'F '  -[- R 2 q- ½ g -{- d) (I4> 
KF '  - -  + ½ g + d) 
And, therefore, Y ~- 2 (Ro ~ ½ g) sin ½ (N 1 -k N), (15) 
To arrive at the value of the radius of the second branch 0 f -~ 
switch, we have : 
cos ½ n (16) 
F ~ B ~ = (K F ~ - -  (R~ -4- ½ gq-d)) sin ~ (S-kO F '  K - -  90 °) 
And, F IB  tE i  =½(270 °A-bTA-S~OF jK) 
= ½ F'  B' (17) 
Therefore, finally, R 1 - -  ½ g cos ½ (270 ° ~, .N + S ~ O F: K " 
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We pass now to the turnout on a curved traJ¢. In this case we 
employ the foregoing formulae with the following alterations: 1st, 
Whichever is the second branch of the turnout, we must place in the 
formulae of the corresponding branch of the crossing in the foregoing : 
S=o,  andd= o. 
2d. The values of 1 and l I being assumed, we may omit the equa- 
't:ons (7), (8), (9), (10) and (11). 
These formulae should be applie d with the aid of logarithms, and 
employing the usual precautions in deducing small angles and those 
~near 90 °. 
We pass next to an explanation of the tables. In calculating these 
the following values were assumed for the required quantities, viz. : 
g = gauge of track ----- 4 t 9" = 4"75 p. 
d = throw of switch rails ----. 5½" = 0"458/ The switch rails are 
supposed to be 27 p 01' long, with 71 011 spiked fast, thus giving 20 t 0 °l 
~aovable. 
6 '5"  
S = switch angle ----- 2 ~ 37 r 27/1; deduced from tan S = 1200,---- ~ 
1 ~ 5 p 0 If constant for all frogs. 
b = distance between tracks, including widths of both rails ~ 7 t 
411 = 7.888 I. 
On examining these tables they will be found to be three in num. 
her, at the head of each of which is the angle of one frog of the 
~witch, which angle is also an assumed quantity. I t  will be further 
noticed that these frogs are numbered ifferently from the old system, 
though belonging to it. The method here used is to write in one line 
:the figures expressing the degrees and minutes of the angle of the 
frog. Thus a 5 ° 531 is No. 543. To the engineer such a number is 
~ignificative, and to the track master it as useful as lNo. 10. The 
numbers, according to this system of numeration, being large, are not 
easily remembered, and should, consequently, be placed on the frogs 
during manufacture. The change here indicated is necessary. 
In the first column of the tables are the degrees of curvature of 
the centre line of the tracks, the radius of which is equal to R o - -  3" 
(b+g) = R 2 + ½(b+g); while 0 ° signifies a straight track. The 
tables are carried up to 6 ° curves, but, if desired, the second in par- 
titular may be carried beyond. Or, curve aboves 6 ° degrees occurring 
rarely, a special calculation may be made for each case. In the last 
column are given the angles of the frogs working with those at the 
lleads of the tables. All the nine cases marked with asterisks were 
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calculated by the preceding formulae and with the use of Callet's log- 
arithms. The intermediate eases were interpolated with the formula 
of interpolation-- 
f _~_ nd I • n(n --2 1) d~ ~ n( n--  1) (n - -  2) 2.3 4 + ac. 
As we had in the columns of each table three equidistant cases, we 
could employ~this formula up to the third difference. In the major- 
ity of the columns the value of the second difference will be found to 
be small, which fact leads to the conclusion that the third difference 
would, in all the columns, be very small, and affect at the most only 
the second figures of the decimals in the columns by very little. We 
thus conceive that the interpolation must give results practically as 
good as the actual calculation by the formulae. In the columns of 
R and R~, we found, with a single exception, the degrees of the curves 
corresponding and interpolated by them in preference to interpolating 
by their radii. The negative values of R indicate that the curvature 
is the opposite of that of the positive values ; or, in other words, both 
branches of the crossing curve in the same direction, towards the in- 
side of the tracks. In the last column the interpolation has not 
been carried out to seconds, because such accuracy is neither neces- 
sary nor attainable without the third difference. Eor curves ly- 
ing between any two of those shown in the tables we may~obtain the 
required ata by ordinary interpolation. Thus, if the data of a frog 
No. 543 is required for a 2 ° 09 t curve, all we have to do is to find 
the difference between the figures of the 2 ° and 3 ° curves in each 
column of the proper table, and add or subtract ~ of this difference 
from the data of the 2 ° curve, according as the column increases or 
diminishes in passing to its foot. 
It is evident hat if we strictly adhere to figures given in the last 
column we must have a frog for every few minutes of difference in 
the curvature of the tracks. This" is quite impracticable. We are 
therefore obliged to make a close approximation to the requirements 
of theory. Le: us diminish by 30 t at/a time, and to a certain extent 
the angles of the frogs at the heads of the tables. We have: 
5 ° 43 f - -  0 ° 30 r ---- 5 ° 13 t, No. 513. "} 
5 ° 131 - -  0 ° 30 p = 4 ° 43 t, No. 453.~Group No. 1. 
4 °43  r -0  °30  p=4 °13  t, No. 413..} 
7 ° 091 - -  0 ° 30 r ~ 6 ° 39 p, No. 639. ] 
6 ° 39 f" 0 ° 30 p ---- 6 Q 09 ~, No. 609. ~ Group No. 2. 
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9 °81 I ra0  ° 80 f=9 °01 t,NO,901.1 
9 ° 011 - -  0 ° 80 r = 8 ~' 81 t, No. 831. , Group No. 8. 
The #reatest inaccuracy which may arise by the use of any group of 
these frogs, instead of those indicated in the tables, is one of only 
0 ° 20 t in the angle. To prove that such an approximation is allow- 
able let us suppose a switch established with the exact frog as given 
in the last column. Consider, next, this frog to be removed and an 
approximate one to be placed in its position. The rails of the switch 
will not fit into the latter by a certain quantity, which is, at the most, 
very nearly : - -  
3'0 × sin 0 ° 20 t ----- 0'018 ft. = ~ in. nearly; 
if we take the joint of the frog to be 8 feet from either extremity. 
It is plain that in a distance of 12 or 14 ft. from the frog along the 
tangents G Q a'nd O F 1, each equal to l ~, the rails may be gradually 
deflected either way from a straight line to an extent at the end of 
of an inch, in order to fit into the approximate frog, without involv- 
ing in the alteration any prejudicial effect. Indeed, by going back a 
few feet more from the frog, we might introduce a greater deflec- 
tion and make, consequently, the frogs of each set vary by 0 ° 85 p 
or 0 ° 40 I. But there is no advantage in this change. On the other 
side of the frog it would be necessary, in order to be very accurate 
in making a fit, to change slightly either the value of R 1 frown that 
given in the tables or that of S. Both these variations have effects 
so small, however, that in practice they may be neglected. We thus 
perceive that the only alteration consists of a slight bending of the 
straight/1, hardly noticeable, while the curved portions of the cross- 
ing remain circular arcs. 
With a view to use the patterns of the old Nos. 6, 8 and 10 these 
frogs were placed at the heads of the tables. According to the pre- 
ceding there would be required at least two, and at most seven new 
patterns. On large lines there can be no objection to having five and 
even ten patterns of frogs, if properly kept. Since Nos. 5i3, 709 
and 981 are used more frequently, being employed ouble on straight 
track, twice as many of these may be manufactured as of the others. 
We will give an explanation of the use of the tables in the field. 
The distances X and ¥ having been measured along the inner edge of 
the rail, we know, Fig. (2), the point of the frog 0 and the ends of 
the crossing D and D 1. By the point of the frog is here understood~ 
not theblunt point of it, but the intersection of the sides of its angle~ 
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a point easily obtained on the frog itself. From the point of the 
frog along the tangent o the rail at its inner edge, or sensibly along 
the inner edge of the rail, metlure five feet. Again, from the ex. 
tremity of this distance, and from the point of the frog, find the in. 
tersection of tile distances 10 x sin ½ F and 5 ft. This is the 
tangent point F of tt~e inner edge of the rail of the crossing; and 
knowing its width at top and foot we may lay down the position 
of either edge of its foot, which point should be marked permanently 
with a stake and tack as usual. Since we know the throw of the 
switch-rails we may locate, similarly, the position of the sam~ edge 
of the foot of the rail at the tangent point near B. The distanco 
between these two tangent points, or the chord of the are, being 
measured we may from the tables obtain the value of its radius, R, 
and consequently deduce three ordinates for the curvature of the 
rail. We thus have five points to locate the rail, and the accuracy of 
the location may be known by the edge of its foot passing through 
these points. The other rail of the crossing, opposite to the one thus 
determined should be laid by guage. In order to determine the point 
R of the other frog, described from O, with a radius of 
V (Z' - -  Z) ~ + g~, 
an arc, which will cut the inner edge of the lower rail at the point 
required. :By means of the value of R we may lay out in a similar 
manner, as before~ the rail running from this point of frog to the 
other end D ~ of the crossing. If  it is desired to commence at 
this end of the crossing we must first lay out the value of ¥~ and 
from O determine Q. 
At the site of a crossing or turn-out the curvature of the track 
should be corrrected~ if necessary, before proceeding to lay it down. 
It is not obligatory for both tracks to be in position in order to lay 
out the switch, as will be seen by examining the figures. I f  the rail 
along which X and Y are measured is not down, the point O can al- 
ways be determined by the conditions of it being at a distance b from 
the inner edge of the rail beneath and at one end of Y, the other end 
of which is known~ for it lies on a radius easily obtained through D t. 
The point R is likewise determined from O ; and knowing the curva- 
vature of the track, a perpendicular to it at R may be erected with 
an instrument by sighting on O and the points B and D determined. 
The tangent F O~l  may be laid down from Or since we know tl~ 
angle of the frog. When the lower track is not in, the points B ~ and 
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D ~ may be ascertained by similarly erecting a perpendicular at V. 
The tangent l at Q, may be determined similarly to l at O. 
A turnout may be regarded as a crossing in which the switch rails 
at one end are permanently fastened own. Hence if b-~71--4 rr we 
may establish it just as a crossing~ and with the aid of the accom- 
panying tables. 
The tables appended are calculated for a 41 9 'I gauge, but they may 
be applied to a gauge of 4' 8½ -rl with only a slight modification. To ex- 
plain this change, suppose the upper and lower rails of the two track~ 
to be .moved towards the centre line, each ½ inch, whioh movement 
will cause the gauge in both tracks to be reduced to 41 8½1/. Again~ 
consider the lower rail of the crossing in the figures to be moved 
parallel to itself, the point of the frog F ~ continuing on the rail, until 
the gauge of the crossing is also reduced ½ inch. The throw of the 
switch at the upper end or at the branch X is reduced to 5 inehes~ at 
the lower end or at the branch Y it remains 5½ inches, and the value 
of l 1 is increased ½ cot F~ inches. This alteration in the value of 1 ~ 
will produce changes in the lower branch of the crossing, but these 
are easily seen to be inappreciable in practice. The crossing will~ 
therefore~ have on curves a throw, at the end further away from the 
centre of the curve, of 5 inches, and at the other end, of 5½ inches, 
while on tangents the positions of these throws may be interchanged, 
remembering that the length of the branch for the 5 inches throw 
is X, and that the point of the other frog is determined by the 
formula : - -  
V(z 1 - -  z + .o 2 co: gl)  + 
which must be used also on curves to get the point of the frog F1. 
With the sacrifice of only a little accuracy we may adopt a uniform 
throw of 5~ inches throughout for a 4 t 8½" gauge. Hence we con- 
elude, that the tables may be used for both gauges with no other 
change save that already introduced in the pi~eceding expression for 
the 41 8½/I gauge. 
The usual numbers of the frogs at present in use are, as we have 
already remarked~ Nos. 543, 709 and 931, or, according to the old 
enumerations, l~os. 10, 8 and 6. It  is evident hat if to these frogs 
we add those of either group No. 1~ No. 2, or No. 3, we will have in 
one case 6, and in the other two cases 5, as the total nuff~ber of frogs 
necessary to enable us to lay out switches on straight lines and on 
curves up to 6 ° inclusive. Thus we perceive that we need add to the 
present number of frogs used only 2 mor% to permit their accurate 
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use on curves. Still, there remain certain advantages appertaining 
to the employment of the whole 10 indicated. These advantages are 
founded on the great latitude of application which a system involving 
such a number of frogs possesses. At every point where it is pro- 
posed to establish a switch, a choice may be made between three dif- 
fering in the curvature of their branches, in the angles of their frogs~ 
in the total lengths of the crossings. That switch in which the 
frogs make the closest approximation to perfect work, might, there- 
fore, be adopted. Should this condition happen to be fulfilled 
equally well by all, we might now govern our choice by selecting the 
switch in which the curvatures of the branches are gentlest. Again~ 
in large yards, where many/racks and many crossings exist, we may 
be, though rarely it is tru% limited in the length of a new switch to 
be put in. I f  we now have several from which to choose, we may 
pick out the most suitable switch for the locality. However, shoulcl 
it be thought better to provide for such cases as they present hem- 
selves, and we are willing to dispense with the previous advantages, 
as being most too refined, we may fall back on the number 5 as the 
necessary numb.er of our frogs. 
With the view of diminishing still further this number of frogs by 
employing on curves, as well as on straight lines, the three usual ones~ 
it has been suggested to the author the employment of a larger curve 
to the second branch ¥ of the switch, that it may intersect he upper 
rail of the lower track at a required angle. Though the suggestion 
is not novel to him, yet it might be well to examine it. It is evident~ 
Fig. (2), that if the curve of the lower branch commences above the 
point Q, it will cut the rail beneath at a smaller angle than the tan- 
gent G (~. Now as we have no frog sharper than No. 10, it follows 
that this frog cannot be used on the upper branch of the switch, and in 
consequence, we are not able to deduce a table corresponding to the 
first of those here submitted. The discussion of the two methods will~ 
therefore, be confined to a consideration of only the two last tables. 
When two curves are made to intersect at Q, then, in order to main- 
tain symmetry in our switch, two curves should intersect at O as well. 
In connection with this change we must notice that often the 
radius of one branch, and sometimes of both branches, of the switch 
are less than 300 feet ; and to introduce a straight frog, though only 5 
or 6 feet in length, for a corresponding length of curve given by such 
radii would, in practice~ amount to flattening suddenly the curve in 
that short distance by between 0.1 and 0.2 inchman appreciable 
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quantity. In the method given here we must replace a portion of 
only one curve by a straight piece ; and remarking that the greatest 
curvature of this curve is not more than 6 °, the straight frog, evi- 
dently, occupies sensibly the same position as the curve. Indeed, 
should the curvature of the track be even as much as 8 ° , there would 
still be no sensible difference. 
Let us pass now to another point. The tangent F F ~, Fig (2), will, 
if we pursue the method snggested, be diminished by inot only 2 1 or 
10 feet, in virtue of the tangents 1disappearing, but it will also suffer 
considerable diminution by the point of tangency :F 1 commencing 
nearer to O. In all cases there will be very little straight track 
between the two branches of the switch. In a few other cases, 11 will 
not be sufficiently large to allow the tangent point F 1 moving far 
enough back that the curve may intersect at Q at the requisite angle. 
:For this reason it is extremely doubtful, if a No. 6 frog at O will 
allow, in any curve, up to about 2 °, the introduction'of a 1go. 8 frog at 
Q. The second table in this system will probably, therefore, not be 
as complete as the third for the system here developed. In con- 
clusion, we may remark that, even in the possible cases of the sys- 
tem suggested, restricted as they are in number, there will .be but 
very little ~traight line, and sometimes none, between the two 
branches of the switch ; so that, at best, we are approximating closely 
to a reverse curve--a curve long discarded by engineers. 
I f  we wish to confine ourselves to the employment of only three 
frogs, and still be able to lay out switches up to 6 ° curves inclusive, 
we may, instead of using the usual numbers, use only one of them, 
either No. 8 or 6 with the group corresponding, 1~o. 2 or 3. This 
would amount to substituting for two of the usual frogs, two others 
with different angles. Such a system, though applicable to small 
lines, yet, as regards traight rack, is too limited for large ones. 
A New Photometer . - -F rom the American Gas Light Journal 
we learn that a British patent has recently been granted to A. M. 
Webber for a method and apparatus for obtaining photometric meas- 
urements in terms of electrical measurements. A body, of which 
the electrical conductivity or resistance is altered by exposure to 
light, is placed in an electrical circuit, in which circuit there is also 
placed an electrometer, or guage of electrical resistance. "Light is 
directed on the body, and the value of this light, or the transparency 
or density of any translucent substance through which the light is 
passed, is tested by the effect on the electrometer or resistance 
guage. 
